The electron heating at collisionless shocks in near-Earth space is normally found to be relatively small. We report here on two sets of bow shock crossings observed by the ISEE 1 and ISEE 2 spacecraft in which very large electron temperature increases were found. The two sets of shocks are part of a larger set of 52 bow shock crossings compiled from the ISEE data set. When the shocks with the large electron heating are compared to the rest of the shocks in the compiled set, it is found that the only upstream parameter which is out of the ordinary is the upstream solar wind flow speed V u. Indeed, for the entire shock set the only upstream parameters which correlate well with the electron heating are the solar wind speed and quantities derived from it. The best correlation among those tested is between the temperature increase (Tea-Teu ) and the difference in the square of the bulk flow speed (V• 2 -Va 2) across the shock, which is proportional to the total amount of bulk flow energy dissipated by the shock. A subsequent search for bow shock crossings which occur during intervals of high solar wind speed confirms that the electron heating is very large under high-speed conditions. The first-order dependence of the electron temperature increase on the available bulk flow energy is consistent with a heating process which is dominated by the macroscopic cross-shock electrostatic potential jump. This study suggests that the temperature difference is the appropriate measure of electron heating at shocks (rather than the ratio T•a/T•,,) and that the first-order dependence on (V•2 _ Va2) should be normalized out in future studies of electron heating at space shocks.
INTRODUCTION
The processes by which energy can be dissipated in collisionless shocks have been of considerable interest over the years. The standard Rankine-Hugoniot relations, which express the conservation of mass, momentum, and energy across a shock, determine the change in the total temperature of the plasma at the shock, but they do not reveal how that heating is partitioned between the various species [e.g., Sanderson and Uhrio, 1978] . Early theoretical work held that the primary dissipation at collisionless shocks should occur by way of plasma instabilities, and the favored candidate was the crossfield current-driven ion acoustic instability [e.g., Biskarnp, 1973] . A primary characteristic of this instability is that it heats electrons considerably more than ions. Hence it was expected that electron heating should be quite strong in collisionless shocks. Laboratory studies of collisonless or nearly collisionless shocks [Paul et found an average electron temperature jump of 2.7, and only one shock (at 9.5'1) exceeded a temperature jump of 6. The ratio observed at interplanetary shocks, which are typically weaker, is even smaller (• 1.5 ___ 0.5) [Feldrnan et al., 1983b ].
The conclusion from these studies is that collisionless shocks in space, at least within the parameter range available near Earth, do very little electron heating.
Renewed interest in the question of how much electron heating occurs at shocks was stimulated by the observation of a very large temperature jump (• 10' 1) by Voyager 1 at the nose of the Jovian bow shock [Scudder et al., 1981] . Combined with the observed cessation of the upstream electron plasma waves at the leading edge of the shock foot [Moses et al., 1985a] , this large temperature jump was subsequently interpreted as evidence for the operation of strong ion acoustic heating in the foot of the shock as the result of an instability driven by the reflected, gyrating ions [Moses et al., 1985b] . Moses et al., argued that the conditions responsible for the strong heating by this instability at Jupiter are not, in general, present at Earth. Two of those conditions which are particularly important are a large reflected ion speed (caused by a large flow speed normal to the shock in the shock frame) and a low upstream sound speed (caused by a low electron temperature).
In this paper we report on a series of crossings of the Earth's bow shock observed by ISEE 1 and ISEE 2 which were in fact characterized by a low upstream electron temperature and a high solar wind flow speed. We find that the electron heating at these shocks was indeed large, Tea/Teu • 20, which is larger than any previously reported jump, to our knowledge. We also report on a second series of bow shock crossings observed by the ISEE spacecraft which likewise had extremely large electron heating. In contrast to the first set, these shocks did not have an unusually low upstream temperature' they did, however, have an unusually high upstream flow speed. Further, using a set of 52 shock crossings observed by ISEE on 20 different days, we find that the solar wind speed is the only upstream parameter with which the electron heating is well correlated. The highest correlation is found between the amount of electron heating, expressed by the difference AT e ----Tea-Te, (rather than the ratio Ted/Te,), and the total change in the bulk flow energy per particle across the shock, A V2= V• 2--Va 2. A subsequent search for bow shock crossings which occur during intervals of high solar wind speed confirms that the electron heating is very large under high-speed conditions. This study suggests that the appropriate quantity to consider in studies of electron heating at shocks is the temperature difference rather than the temperature ratio. The latter can be artificially elevated by low upstream temperatures, even though no particularly large amount of energy gets dissipated in the electrons.
Finally, we argue that the first-order correlation between the amount of electron heating and the change in the bulk flow energy across the shock is consistent with an electronheating process which is initiated by a bulk acceleration of the electrons through the cross-shock electrostatic potential jump. This first-order dependence should be normalized out before more subtle correlations between electron heating and shock parameters are sought. across all the shocks on that day. The hatched elements in the histograms show the values for January 6, 1978. The electron heating observed at the Jovian bow shock [Scudder et al., 1981 ] is indicated on the histograms by an asterisk. It is interesting to note that although the temperature ratio at the Jovian shock is very large, the temperature difference is well within the range normally observed at Earth. Figure 1 shows that the electron heating observed at the shocks on January 6, 1978, was indeed exceptional, whether measured in terms of temperature ratio or the temperature difference. Figure 1 also shows that there is another shock (actually another set of shocks on one day), indicated by the solid entries in the histograms, which also falls into the exceptional electron-heating category. This set occurred on August 20, 1979, and was characterized by temperature jumps ,-, 7:1 and by temperature differences ,-, 19 x 1050 K, which are by far the largest differences in our set of 52 shocks (the shocks on January 6 had A T ,-, 11 x 105øK). Figure 2 shows the magnetic field and electron temperature profiles for two of the shocks observed on January 6 and August 20. It is interesting to note that the very large temperature ratio on January 6 is due to a combination of an unusually low upstream temperature and an unusually high downstream temperature; in contrast, the large temperature jump on August 20 is due exclusively to a very high downstream temperature, the upstream temperature being, if anything, somewhat high for the solar wind (see also Table 1 ).
In order to identify what it is about the January 6 and August 20 shocks which gives rise to such extreme electron heating, we compare in Table 1 . [1986a] , the electron heating at that shock is not particularly large.
Inspection of Table 1 shows that other than the heating, the only parameter which appears to be outside the normal range for both the January 6 and August 20 sets of shocks is the upstream solar wind speed. This conclusion is reinforced by Table 2 lists correlation coefficients between various upstream parameters and the electron temperature ratio across the shocks as well as the electron temperature difference across the shocks. Table 2 The correlation between AT e and A V 2, which is shown in Table 2 and Figure 4 , suggests that additional cases of strong electron heating at the bow shock will be found during periods of high solar wind speed. Accordingly, we have searched the first two years of ISEE 1 and ISEE 2 data for bow shock crossings which occurred during intervals when the solar wind speed exceeded 600 km/s. The electron-heating parameters for these shocks are listed in Table 3 . It is clear from Table 3 
